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The extent to which a fast, nonequilibrium, and highly transient pore-scale process such as macropore fl ow can be predicted is very o en debated, although li le research has been conducted to inves gate this issue. The validity of approaches to "upscaling" transport predic ons from pore through Darcy to landscape scales cri cally depends on the answer to this ques on. We developed a simple conceptual model of soil suscep bility to macropore fl ow, based on a synthesis of exis ng experimental informa on. The conceptual model takes the form of a decision tree, which classifi es soil horizons into one of four suscep bility classes on the basis of easily available site and soil factors. The model was tested against an independent database of tracer breakthrough experiments on undisturbed soil columns collated from the literature (n = 52), using the pore volumes drained at peak solute concentra on, t p , as a measure of the strength of macropore fl ow. Analysis of variance for t p as a func on of suscep bility class showed that the overall model was signifi cant. A signifi cant propor on of the residual varia on in t p could be a ributed to varia on in clay content within one of the suscep bility classes. Some important sources of experimental error were also iden fi ed that may account for much of the remaining unexplained varia on. We concluded that macropore fl ow is predictable to a suffi cient degree from easily available soil proper es and site factors. The simple classifi ca on tree developed in this study could be used to support hydropedological approaches to quan fying the spa al distribu on of contaminant leaching at the landscape scale by providing the basis for class pedotransfer func ons to es mate model parameters related to macropore fl ow. Such an approach has been implemented in the European project FOOTPRINT.
reasonable for properties controlling advective-dispersive transport (e.g., Seyfried et al., 1992) , but it can be questioned whether this will be the case if a fast, nonequilibrium, and highly transient pore-scale process such as macropore fl ow dominates solute transport (Vogel and Roth, 2003) . Indeed, it has been argued that macropore fl ow may be essentially unpredictable, since the geometry and properties of the conducting macropores are a priori unknown and may be highly variable both spatially and temporally (Beven, 1991; Jury and Flühler, 1992) .
We do not need to know precisely the behavior of individual fl ow pathways, however, only their integrated eff ect on solute transport. Tracer experiments performed on undisturbed soil columns or small plots in the fi eld suggest that solute transport patterns are often surprisingly deterministic, in the sense that they seem clearly related to the observed morphology and structure of recognized horizons in the soil profi le (Anderson and Bouma, 1977; Flury et al., 1994; Kulli et al., 2003b; Jarvis, 2007) . Th is determinism can be explained in terms of known structureforming and -degrading processes and the site and soil properties that infl uence them. For example, in the case of fi ssuring and aggregation, these factors include the frequency and intensity of wet-dry and freeze-thaw cycles, clay content and clay mineralogy, organic matter content, and faunal activity (Dexter, 1988; Oades, 1993; Horn et al., 1994; Watts and Dexter, 1998) . Similarly, the abundance of earthworms and thus the density of conducting biopores depend on site factors such as land management and cropping and soil properties such as pH, moisture status, and texture (Ehlers, 1975; Edwards and Lofty, 1982; Hendrix et al., 1992; Cannavacciuolo et al., 1998; Joschko et al., 2006) . Th ese factors that control the development of such critical soil structural characteristics at the local scale are, in principle, predictable across landscapes, albeit with varying degrees of uncertainty. Th is is because the distribution of specifi c soil types is often suffi ciently deterministic, at least where the impact of the various factors of soil formation (e.g., parent material, topography, climate, vegetation, and human infl uence) across the landscape is well expressed (Heuvelink and Webster, 2001) . Th is reasoning implies that, as fi rst suggested by Bouma (1991) , a hydropedological approach (Lin, 2003) to predict leaching risks across landscapes may be feasible, even in the presence of macropore fl ow. No research has been performed, however, to systematically test this hypothesis.
Upscaling methodologies based on the concept of structural units depend heavily on proxy or surrogate variables, both to identify the structural units themselves and also to estimate model parameters (Vogel and Roth, 2003; Vereecken et al., 2007) . In this respect, some attempts have already been made to develop algorithms (pedotransfer functions) to estimate macropore fl ow parameters in models from soil survey information. For example, continuous pedotransfer functions (Wösten et al., 2001) have been derived for the parameters of the mobile-immobile advection-dispersion equation (Vervoort et al., 1999; Shaw et al., 2000; Goncalves et al., 2001; Ersahin et al., 2002) and the dual-permeability model MACRO . Th ese functions were developed on only limited data sets, however, and the dangers of statistical extrapolation to situations outside the "training" data are well known. Another signifi cant disadvantage of such functions is that they are model specifi c. A model-independent approach that classifi es the potential for macropore fl ow in soil profi les as a function of basic soil properties and site factors would seem preferable (Vervoort et al., 1999; Lin, 2003; Jarvis, 2007) . Such schemes could be more widely applied, since they enable users to link the parameters of any suitable solute transport model to existing data in soil survey databases through "class" pedotransfer functions (Bouma, 1991; Wösten et al., 2001) . Some preliminary schemes of this kind have already been proposed (Quisenberry et al., 1993; Jarvis et al., 1997) ; however, they have not been tested and are not particularly generic or comprehensive. For example, they do not consider the important role of biopores or the signifi cant eff ects of land management practices on soil structure (Jarvis, 2007) . Th e objective of our study was to develop a conceptual model of macropore fl ow to support predictions of solute transport in the unsaturated zone, which would only require simple information widely available from soil and land use surveys. Th is scheme takes the form of a simple decision or classifi cation tree based on the underlying empirical supporting evidence. A preliminary test of the classifi cation scheme is carried out making use of literature data on tracer breakthrough curves from undisturbed soil columns.
The Classifi ca on Scheme

Conceptual Basis
Th e soil classifi cation scheme evolved from a consideration of the empirical evidence that has emerged in recent decades concerning the eff ects of soil properties and management practices on soil structure, and thus the potential for macropore fl ow and transport, at the pedon scale (Jarvis, 2007) . Th e scheme can be applied across larger areas (e.g., catchments or landscapes) by linking it to soil profi les that are representative of soil survey mapping units, or more generally to any geographic information system (raster grid or vector data) that can supply the site and soil information required by the scheme. A simplifi ed, earlier version of the scheme is already being used in this way to support risk assessments for pesticide leaching at farm, catchment, and national scales in the European Union (Centofanti et al., 2008; www.eu-footprint.org, verifi ed 20 Mar. 2009) .
Th e idea underlying the scheme is to classify all identifi ed soil horizons in each pedon of interest into one of four main classes (I-IV) in terms of the potential for water fl ow and solute transport in macropores (Fig. 1) . Th e scheme thus provides a framework whereby class pedotransfer functions can be used to link each class to specifi c parameter values in any model that is deemed suitable for the purpose. Th e four main classes are: no potential (I) and low (II), medium (III), and high (IV) potential. Th e signifi cance of the use of the term potential should be noted here: the generation of nonequilibrium fl ow in macropores depends strongly on surface boundary conditions and matrix properties (Jarvis, 2007) , and so even if a soil horizon is designated as having high potential, this does not necessarily mean that the potential will be realized. For example, soil water pressures may rarely reach close enough to saturation to generate fl ow in macropores if the climate is characterized by low-intensity rain. It is the task of the model linked to this classifi cation scheme to predict the extent to which this potential is realized. Th e potential for macropore fl ow and transport is therefore solely assessed on the basis of the nature of the macropore system itself by invoking the concept of structure hierarchy (Hadas, 1987; Dexter, 1988) : the greatest potential for macropore fl ow should be found in soils with a poorly developed hierarchy characterized by large, vertically continuous macropores but lacking well-developed networks of smaller macropores or mesopores (Jarvis, 2007) . Macropores can be classifi ed into three main types: cylindrical biopores, irregular voids between clods created by tillage implements, and fi ssuring or aggregation caused by swell-shrink and freeze-thaw processes (Jarvis, 2007) . With respect to tilled layers and natural aggregation, the hierarchical concept of soil structure is well established, as it is implicitly embodied in the FAO terminology for soil structure classifi cation (FAO, 2006) . In addition to classifying the size of the main structural elements (very fi ne to very coarse), the FAO system recognizes the grade of structure, which refl ects the degree of structural development at smaller scales and also the presence of aggregate surfaces with characteristics distinct from the bulk soil, which are known to promote nonequilibrium conditions (Jarvis, 2007) . Th e concept of a structure hierarchy can also be applied to biopore networks, as similar relationships between pore size and density (large pores are more infrequent and more widely spaced) seem to hold (Brakensiek et al., 1992) .
Detailed Descrip on Earthworm Abundance
Th e scheme shown in Fig. 1 refl ects an empirical consensus that large biopores formed by deep-burrowing and surface-feeding (so-called anecic) earthworms strongly infl uence the potential for macropore fl ow in untilled horizons. Th e presence and abundance of such earthworm macropores, however, is not usually routinely recorded in soil surveys. Th us, a separate decision tree ( Fig. 2) based on a meta-analysis of the factors controlling population densities of Lumbricus terrestris L. (Lindahl et al., 2009 ) is used to assess whether the site and soil conditions are favorable for anecic earthworms. Th e scheme as used here is slightly modifi ed from that presented by Lindahl et al. (2009) , in that additional restrictions (e.g., for limiting horizons and inhospitable climates) have been introduced that could not be identifi ed in the original analysis due to lack of supporting data.
Figure 2 refl ects the signifi cant infl uence of land use and soil management practices (e.g., tillage and cropping systems or manuring) on anecic earthworms. Th e scheme also indicates the F . 1. The scheme to classify suscep bility to macropore fl ow in (a) topsoil and (b) subsoil horizons. Class I = none, II = low, III = moderate, and IV = high. Horizon designa ons follow FAO (2006) (f oc is the soil organic C content; coarse texture = sand or loamy sand [USDA] ; fi ne texture = clay, silty clay, clay loam, or silty clay loam; medium texture = all others).
F . 2. Decision tree for predic ng the abundance of anecic earthworm biopores (adapted from Lindahl et al., 2009) . Climate terms are defi ned according to the USDA soil moisture and temperature system; coarse texture = sand or loamy sand (USDA); fi ne texture = clay, silty clay, clay loam, or silty clay loam; medium texture = all others. Horizon designa ons follow FAO (2006) . limiting eff ects of extreme climates and unfavorable soil properties such as coarse texture, low pH, and the presence of restricting conditions in the soil profi le (e.g., hard rock or anoxic conditions below the water table). If they are to thrive, anecic earthworms also require a certain depth of soil that off ers no restrictions to burrowing. Th is minimum soil thickness has been set at 20 cm (Lindahl et al., 2009 ). Application of the scheme to a sequence of soil horizons in a profi le allows the prediction of a zone of functional biopores (consisting of one or more contiguous soil horizons) defi ned by an upper and a lower boundary.
Soil Horizons without Macropores
These are assumed to lack any potential for macropore fl ow, and are therefore placed into Class I. Four diff erent cases can be distinguished: (i) subsoil C horizons that lack structural development by defi nition (FAO, 2006) ; (ii) peaty horizons and organic-rich topsoils, as large organic matter contents are known to produce a friable structure (i.e., a strong hierarchy, Watts and Dexter, 1998) , which is less prone to nonequilibrium fl ow and transport (Roulier and Jarvis, 2003; Jarvis et al., 2007) ; (iii) coarse-textured horizons, which are assumed to be unaggregated and also lacking in functioning biopore networks, since they represent an unfavorable environment both for anecic earthworms (Fig. 2 ) and plant roots; and (iv) surface soil recently subjected to one or more secondary tillage operations using implements that shatter and pulverize the soil (i.e., disc harrows or rotovators) to produce a fi ne tilth. Both dye tracing experiments in the fi eld and tracer breakthrough experiments in repacked laboratory columns suggest that equilibrium solute transport usually occurs in soil recently subjected to intensive tillage (Jarvis, 2007) . Functioning macropore networks will eventually reestablish, however, due to both biological activity and physical processes, in intensively tilled soil layers that are subsequently left undisturbed.
Plowed Topsoils
Biopores are assumed to be of little signifi cance in topsoils that are regularly subjected to primary tillage (e.g., plowing). Again, this is an approximation, since biopore channels can eventually reestablish some time after the tillage event. For the sake of simplicity, however, we assume that fl ow and transport in plowed topsoil is dominated by irregular voids and regions of loose permeable soil between denser aggregates or clods (Jarvis, 2007) . Th e simple classifi cation based on topsoil texture shown in Fig. 1 is based on the knowledge that both aggregation and preferential transport tend to be stronger in soils of greater clay contents (Quisenberry et al., 1993; Horn et al., 1994; Jarvis et al., 2007) . It can be noted here that macropore fl ow is not necessarily the most important preferential transport process taking place in plowed topsoils. In some cases, especially for the medium-textured (Class II) soils, it could probably be more accurately described as a heterogeneous fl ow and transport process at the Darcy scale, and modeled accordingly (e.g., Coquet et al., 2005a,b) .
Undisturbed Topsoil
Traffi c compaction is considered to be an important factor infl uencing the state of the soil structure hierarchy in untilled topsoils of medium and fi ne texture. Untraffi cked and untilled soils (e.g., natural grassland) should have well-developed networks of fi ne macropores and mesopores (e.g., abundant root biopores and well-preserved microaggregation), which is assumed to reduce the susceptibility of fi ne-textured soils one class compared with heavily traffi cked land (e.g., intensively managed grassland or no-tilled arable land), where compaction tends to degrade the structure hierarchy (Hadas, 1987; Dexter, 1988; Lipiec et al., 1998) and enhance macropore fl ow (Kulli et al., 2003a; Alaoui and Goetz, 2008) .
Structured Subsoils
Aggregate structure in fine-and medium-textured soils should be coarser in the subsoil than in the topsoil, since wetdry cycles (and freeze-thaw in cold climates) are less frequent and intense and organic matter contents are generally much smaller. Th e abundance of fi ne biopores (e.g., root channels) should also decrease with depth in the subsoil, which will tend to increase the susceptibility to nonequilibrium fl ow in larger earthworm biopores or fi ssures and interaggregate voids in fi ne-textured soils. Th erefore, the greatest potential for macropore fl ow (Class IV, Fig. 1b ) is found only in subsoil horizons of designation B, BC, or E. Medium-textured horizons are placed in Classes II, III, or IV depending on the abundance of large earthworm biopores and the presence or absence of compaction (e.g., plow pans), while fi ne-textured clayey horizons are assumed to belong to Class IV regardless.
Valida on
Some quantitative measure of the strength of macropore fl ow is needed to evaluate the classifi cation scheme outlined above. Several diff erent indicators of preferential fl ow have been proposed, including, for example, statistical or mathematical descriptors of images of dye staining patterns (Weiler and Flühler, 2004; Bogner et al., 2008) or mathematical indices that characterize the spatiotemporal variation of fl uxes in solute breakthrough experiments (Stagnitti et al., 1999; de Rooij and Stagnitti, 2002) . We decided to use indicators derived from solute breakthrough curves measured on undisturbed columns, since we presumed that a large body of experimental data could be found in the literature to support such an approach.
Data Collec on, Storage, and Processing
Data were collected from published studies that showed breakthrough curves of nonreactive solutes that satisfi ed a number of basic requirements concerning the experimental setup and included all (or most) of the soil and site information necessary for the classifi cation scheme. In some cases, some required information that was missing was complemented by information collected from other published sources or by contacting the researchers. A lack of information about land use and soil tillage operations was often noted. Even basic soil properties were often only sketchily reported. We would like to encourage researchers reporting research results on preferential fl ow in the future to present full details of soil properties and site characteristics, including tillage systems and land use practices.
Only breakthrough curves measured under steady water fl ow on relatively short columns of undisturbed natural soil were considered. Short columns ensured that the samples represented a single soil horizon or, in the worst case, only two horizons, with one far thicker than the other (e.g., columns taken from arable land, where a shallow harrowed layer at the surface overlies a much thicker plowed horizon). In such cases, we assumed that the preferential fl ow class of the thickest horizon dominated the transport behavior. One longer column (73 cm) containing three horizons was included in the study (Jensen et al., 1998) , since all three horizons could be attributed to the same macropore fl ow class.
Th e strength of preferential fl ow, as indicated by the shape of the breakthrough curve, is known to be highly sensitive to initial and boundary conditions (Smettem, 1984; Seyfried and Rao, 1987; Kluitenberg and Horton, 1990; Wilson et al., 1998; Langner et al., 1999) . For example, extreme preferential transport can be generated by ponded or high-intensity solute application to a soil column initially at drainage equilibrium (Kluitenberg and Horton, 1990) , since the solute-laden "new" water infi ltrating in macropores does not need to displace any resident water. We were therefore careful to include only data obtained under identical or very similar experimental conditions. Most of the data used to test the classifi cation scheme were obtained under saturated conditions, since all macropores participate in the transport process in such experiments (Table 1 ). Due to a scarcity of suitable data, however, we also decided to include some experiments performed under nearly saturated conditions at fl ow rates that were considered suffi cient to generate fl ow in large macropores (see Table 1 ). Th e duration of the solute input pulse is also known to have a signifi cant eff ect on the shape of the breakthrough curve. We chose to focus on breakthrough curves resulting from shortduration pulse inputs. Despite a comprehensive search, we found only 52 breakthrough curves from 13 studies that met all these requirements (Table 1) . Th e median pulse length for these experiments was 0.03 pore volumes, with 25th and 75th percentiles of 0.019 and 0.08 pore volumes, respectively.
A digital image of the graph of each breakthrough curve was fi rst made. Th e portable document format (pdf ) fi le was used together with a "print-screen" copy, realized at the maximum view width possible (graph fi tting the screen). Th is gave a copy without distortion and with an optimal resolution. When no pdf fi le was available, the graph was scanned. In the case of scanned images, or pdf fi les created from scanned articles, we checked that no distortion was present. In a few cases, the image was digitally corrected by careful image rotation. Th e graphs were digitized with the software Plot Digitizer 2.4.1 (plotdigitizer.sourceforge.net, verifi ed 20 Mar. 2009 ), an open-source Java program. Th is software enables a proper calibration of the axes (i.e., correspondence between image coordinates and graph axis values) and can be used to reconstitute the graph manually by grabbing the coordinates of one or several points on the graph. Although extreme care was used in the procedure described, the digitization procedure inevitably introduces errors in the data. Preliminary tests on graphs with known values allowed us to estimate the average digitization error to be around 1 to 4% of the true value. Th e magnitude of this error also depends on the graph quality, however, and it could be higher (perhaps up to 5-10%). Where necessary, the digitized data were converted to standardized nondimensional units (relative concentration and pore volumes) using information found in the respective study.
Preferen al Flow Indicators
For nonreactive solute transport, the shape of the breakthrough curve is strongly infl uenced by the occurrence and extent of preferential fl ow. Th us, analytical approximations of the relationships between time moments of the breakthrough curve and the parameters of the mobile-immobile solute transport model (van Genuchten and Wierenga, 1976) suggest that, in principle, both the second and third temporal moments (temporal variance and "asymmetry," respectively) should be good descriptors of the degree of preferential fl ow, while the fi rst temporal moment (the mean transit time) should be unaff ected (Valocchi, 1985; Jacobsen et al., 1992) . Several researchers have reported, however, that the fi rst temporal moment also seems to be an excellent indicator of preferential fl ow (e.g., Comegna et al., 1999; Kamra and Lennartz, 2005) . We therefore decided to test the fi rst three temporal moments and also one additional empirical indicator suggested by previous researchers (e.g., Ren et al., 1996; Comegna et al., 1999) , namely the normalized time (pore volumes) to peak solute concentration, t p . Absolute time moments (m n ) are defi ned as
where T and C are dimensionless time (expressed in pore volumes) and concentration (outfl ow concentration divided by infl ow concentration), respectively. Normalized absolute moments (μ n *) are given by
where T 0 is the dimensionless solute mass applied to the soil, equivalent to the pulse duration in pore volumes. Th e nth central moment (μ n ) is given as ( )
We used simple "step/rectangular" integration rather than trapezoidal integration to calculate the time moments. Th is is because measured concentrations represent an average value for a water sample collected during a time interval and not an instantaneous concentration (data measured by time domain refl ectometry would be an exception to this). Tests on known breakthrough curves showed that the "step" method performed better than trapezoidal integration, especially in cases with relatively sparse data. After preliminary testing, we also decided not to perform any kind of curve smoothing or interpolation or extrapolation in the case of incomplete breakthrough curves (i.e., experiments with incomplete mass recovery). In some studies, some of the required preferential fl ow indicators were given in table form, and these data were preferred to our own estimates. For example, Ren et al. (1996) did not present any breakthrough curves, but t p and the fi rst moment could be calculated from their tabulated data.
Results and Discussion
Th e second and third temporal moments were only weakly related to the predicted macropore fl ow class. Th e reason for this is probably that both indicators are prone to errors resulting from incomplete mass recovery and truncated tails on breakthrough curves (e.g., Das et al., 2005) , something that is commonly found in practice. In contrast, better results were obtained with both the fi rst temporal moment and t p , presumably since the former is much less aff ected by the tail of the breakthrough curve, and the latter not at all. Th ese two indicators were also strongly correlated (r = 0.83, P < 0.0001), so both seem to be useful and robust measures of preferential fl ow. Below, we present results for t p .
Th e classifi cation scheme was tested with classical (Fisher) one-factor analysis of variance. Table 2 shows that the model was highly signifi cant (P = 0.0006, n = 52) even if it only explained 30% of the total variation in t p . According to a least signifi cant diff erence test, all paired class means were signifi cantly diff erent except Classes II-IV and III-IV (Table 2) . Th e small number of samples in Class IV makes interpretation of statistical comparisons with the other class means diffi cult. Th e class means showed an appropriate decreasing trend from class I to IV (0.85, 0.46, 0.25, and 0.18 pore volumes, respectively; Fig. 3, Table 2) .
A signifi cant part of the residual (i.e., within-class) variation in t p seems explainable. Figure 4 shows that simple linear regression against clay content explains 46% of the variation in t p for the Class II soils. Th is suggests that model predictions could be improved by defi ning more classes or by adopting an alternative approach based on continuous pedotransfer functions. However, classifi cation enables links to be established between any suitable simulation model and soil survey information (e.g., Bouma, 1991) , even when only soft (qualitative) data are available. We believe that this advantage outweighs any possible loss of predictive power. Residual intraclass variability could by accounted for by attributing a (joint) distribution of T 1. Sources and condi ons of the data used in this study. T 2. Analysis of variance for t p (pore volumes at peak concentra on) against predicted macropore fl ow class (SS total is the total varia on and SS between is the varia on explained by the predicted class). model-specifi c parameters to each class to support a stochastic (e.g., Monte Carlo) modeling approach or by "fuzzy" class membership. Other important unidentifi ed sources of model error are likely, given that the scheme is, by design, very simple. One of the most important is likely to be the fact that temporal variations in soil structural pore systems are ignored. Experimental errors surely represent another major source of unexplained variation in t p . For example, it seems probable that small columns may not always constitute a representative elementary volume for solute transport in naturally structured soil. Th ere are several other potential sources of error, including variations in experimental conditions (e.g., fl ow rates and boundary conditions, Table 1 ), error in estimating the pore volume, and the fact that anionic tracers may either be excluded from part of the water-fi lled pore space, especially in fi ne-textured soils (Goncalves et al., 2001) , or undergo exchange reactions in variably charged soils. For example, anion sorption was demonstrated by Shaw et al. (2000) on columns fi lled with homogenized soil from their study sites.
It could be argued that it would be better to develop the classifi cation scheme entirely from the data, for example, using the statistical technique of classifi cation trees (Breiman et al., 1984) . We considered that the data were insuffi cient to support such an approach, however, so that some important controls on solute transport would not be refl ected in the resulting tree. A corollary to this is that not all aspects of the classifi cation scheme shown in Fig. 1 could be thoroughly tested by the data set we were able to collate. Only 13 of the 52 breakthrough curves were measured on subsoil horizons, and we could fi nd only two that were placed in the highest risk class (Table 2) . Th is may be a consequence of the experimental diffi culties associated with transport experiments on clayey subsoil, and especially the fact that small columns would probably not be representative for the scale of structure often found in such horizons. Th e data set was also insuffi cient to properly evaluate the way the scheme deals with the eff ects of land management (e.g., tillage and traffi c). Th irty-two of the 39 topsoil breakthrough curves were measured on conventionally tilled arable land, while only three were obtained on no-tilled arable land (Green et al., 1995) and four from an undisturbed beech (Fagus sylvatica L.) forest soil (Smettem, 1984) . We believe, however, that the scheme should broadly refl ect the eff ects of land management in a reasonable way, since it is based on experience gained from many laboratory and fi eld experiments (Jarvis, 2007) .
Conclusions
Our results suggest that susceptibility to macropore fl ow can be predicted from easily available soil properties and site factors. Th us, hydropedological approaches (Lin, 2003) can be used to assess the spatial distribution of contaminant leaching at the landscape scale. Th e simple classifi cation tree presented here can support such an approach by providing the basis for class pedotransfer functions to estimate model parameters related to macropore fl ow. Not all parts of the scheme could be comprehensively evaluated in this study. Further testing is clearly needed, which may lead to revised versions of the classifi cation.
F . 3. Normalized me (pore volumes) as a func on of predicted macropore fl ow class. Symbols indicate means, horizontal bars indicate medians. The ver cal lines indicate confi dence intervals on the median given by 1.58 mes the interquar le range, IQR, divided by the square root of the number of observa ons. The IQR is defi ned as the 75th percen le value minus the 25th percen le value. Letters on the fi gure refer to the studies listed in Table 1 (see le ers in parentheses in the fi rst column).
F . 4. The rela onship between normalized me to peak concentra on, t p , and clay content, f clay , for Class II soils (the dashed line is the linear regression equa on: t p = 1.274 − 4.292 f clay , r 2 = 0.46, P < 0.0001). Only the USDA texture class was reported in three of the studies. For these cases, the clay content has been es mated as the mean of the texture class.
